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Delayed Ripening Tomato Plants 

BACKGROUND OF THE INVENTION 

The present invention relates generally to the breeding of tomato plants. 
More specifically, the invention relates to the introduction of a transgene that confers a 
delayed ripening phenotype on tomato plants. 

The plant hormone ethylene has a profound influence on plant physiology. 
Active in trace amounts, it affects a number of processes such as fruit ripening, seed 
germination, plant growth, leaf and flower senescence, pathogen infection, and the 
interaction of plants with their environment. In particular, ethylene induces a number of 
physiological changes associated with fruit ripening such as accumulation of carotenoid 
pigments, conversion of cholorplasts to chromoplasts, the increased expression of genes 
encoding cell wall degradation enzymes, fruit softening and susceptibility to pathogens. 

Control of the effects of ethylene is a particularly useful approach to 
controlling fruit ripening in tomato. More than 80% of tomatoes (by volume) currently 
sold in the United States are picked while green. Growers harvest green tomatoes for 
several reasons: (1) green tomatoes are firmer, enabling them to withstand shipping and 
handling with less injury; (2) a green tomato harvest is less labor-intensive and less 
costly than a vine-ripe harvest and (3) green fruit stays in the field for a shorter period of 
time reducing the risk of loss from weather or pests. 

After harvest, either the packer or the repacker exposes the green tomatoes 
to an external source of ethylene gas to cause the tomatoes to develop red color. This 
practice reddens the fruit, but these tomatoes will not always develop full flavor when 
picked at the green stage. Fruit that have begun to ripen need to be shipped at a low 
temperature to delay ripening, however these low temperatures decrease fruit quality. 
Frequently, a portion of the green fruit is harvested at the immature green stage, which 
means that it will never achieve full ripeness even with the application of ethylene. Such 
tomatoes, together with other distribution-damaged tomatoes, do not achieve full flavor 
potential and, we believe, are a major factor contributing to consumer dissatisfaction with 
current fresh market tomatoes. 
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In tomato (and other so called climacteric fruit), fruit ripening is associated 
with a burst of respiration and a concomitant increase in ethylene production. Once 
ripening is initiated, the endogenous ethylene production rises autocatalytically. 

If ethylene production could be controlled, tomato fruit could be left on 
5 the vine longer to develop the fruit components which contribute to flavor. The present 
invention addresses these and other needs. 

SUMMARY OF THE INVENTION 
The present invention provides tomato plants comprising a genetic locus 
having a sequence substantially identical to SEQ. ID. No. 1. The plants bear fruit that 
10 display significant ripening impairment once the breaker stage is reached. In particular, 
the fruit reach pink stage about 2 to about 3 weeks after breaker stage, when the fruit are 
picked at breaker stage and stored at 15°C. Preferred plants are germinated from seed 

deposited with the American Type Culture Collection under Accession No. . 

The invention further provides tomato fruit from the plants of the 
15 invention. The fruit of the invention have ethylene levels less than about 1.0 nl/g/hr, 
preferably less than about 0.5 nl/g/hr. 

The invention also provides methods of tomato plants with decreased 
ethylene production. The methods comprise crossing a parent tomato plant with a tomato 
plant comprising a genetic locus of the invention. The tomato plant comprising the 
20 genetic locus can be a plant germinated from seed deposited with American Type Culture 

Collection under Accession No. . The method may further comprise the step 

of selecting progeny bearing fruit that reach pink stage about 2 to about 3 weeks after 
breaker stage, when the fruit are picked at breaker stage and stored at 15°C. 

Definitions 

25 The phrase "nucleic acid sequence" refers to a single or double-stranded 

polymer of deoxyribonucleotide or ribonucleotide bases read from the 5' to the 3 1 end. 
It includes both self-replicating plasmids, infectious polymers of DNA or RNA and non- 
functional DNA or RNA. 

The term " tomato plant" includes whole tomato plants, tomato plant 

30 organs (e.g., leaves, stems, roots, etc.), seeds and tomato plant cells and progeny of 
same. 

A tomato plant is "derived from" seed or another plant, if it is germinated 
directly from the seed or is progeny of the plant or seed (e.g., F,, F 2 e(c\) as a result of 



WO 97/01952 PCT/US96/11096 

3 

standard sexual reproduction. 

A "primary transformant" is a plant regenerated from one or more plant 
cells transformed in vitro with a recombinant DNA construct. 

A "heterologous sequence" is one that originates from a foreign species, 
or, if from the same species, is substantially modified from its original form. For 
example, a heterologous promoter operably linked to structural gene is from a species 
different from that from which the structural gene was derived, or, if from the same 
species, is different from the promoter normally present with the gene, or is substantially 
modified from its original form. 

Two nucleic acid sequences or polypeptides are said to be "identical" if the 
sequence of nucleotides or amino acid residues, respectively, in the two sequences is the 
same when aligned for maximum correspondence as described below. The term 
"complementary to" is used herein to mean that the sequence is complementary to all or 
a portion of a reference polynucleotide sequence. 

Sequence comparisons between two (or more) polynucleotides or 
polypeptides are typically performed by comparing sequences of the two sequences over 
a "comparison window" to identify and compare local regions of sequence similarity. A 
"comparison window", as used herein, refers to a segment of at least about 20 
contiguous positions, usually about 50 to about 200, more usually about 100 to about 150 
in which a sequence may be compared to a reference sequence of the same number of 
contiguous positions after the two sequences are optimally aligned. 

Optimal alignment of sequences for comparison may be conducted by the 
local homology algorithm of Smith and Waterman Adv. Appl. Math. 2: 482 (1981), by 
the homology alignment algorithm of Needleman and Wunsch /. MoL Biol 48:443 
(1970), by the search for similarity method of Pearson and Lipman Proc. Natl. Acad. 
Sci. (U.S.A.) 85: 2444 (1988), by computerized implementations of these algorithms 
(GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software Package, 
Genetics Computer Group (GCG), 575 Science Dr., Madison, Wl), or by inspection. 
These references are incorporated herein by reference. 

"Percentage of sequence identity" is determined by comparing two 
optimally aligned sequences over a comparison window, wherein the portion of the 
polynucleotide sequence in the comparison window may comprise additions or deletions 
(i.e., gaps) as compared to the reference sequence (which does not comprise additions or 
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deletions) for optimal alignment of the two sequences. The percentage is calculated by 
determining the number of positions at which the identical nucleic acid base or amino 
acid residue occurs in both sequences to yield the number of matched positions, dividing 
the number of matched positions by the total number of positions in the window of 
5 comparison and multiplying the result by 100 to yield the percentage of sequence 
identity. 

The term "substantial identity" of polynucleotide sequences means that a 
polynucleotide comprises a sequence that has at least 60% sequence identity, preferably 
at least 80%, more preferably at least 90% and most preferably at least 95%, compared 

10 to a reference sequence using the programs described above (preferably BESTFIT) using 
standard parameters. One of skill will recognize that these values can be appropriately 
adjusted to determine corresponding identity of proteins encoded by two nucleotide 
sequences by taking into account codon degeneracy, amino acid similarity, reading frame 
positioning and the like. Substantial identity of amino acid sequences for these purposes 

15 normally means sequence identity of at least 40%, preferably at least 60%, more 
preferably at least 90%, and most preferably at least 95%. 

Another indication that nucleotide sequences are substantially identical is if 
two molecules hybridize to each other under stringent conditions. Stringent conditions 
are sequence dependent and will be different in different circumstances. Generally, 

20 stringent conditions are selected to be about 5° C lower than the thermal melting point 
(Tm) for the specific sequence at a defined ionic strength and pH. The Tm is the 
temperature (under defined ionic strength and pH) at which 50% of the target sequence 
hybridizes to a perfectly matched probe. Typically, stringent conditions will be those in 
which the salt concentration is about 0.02 molar at pH 7 and the temperature is at least 

25 about 60°C. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a schematic diagram of the T-DNA region of 
p\VTT2144/AccS. 

Figure 2 is a restriction map of the T-DNA region of pWTT2144/AccS 
30 showing the location of the hybridization probes used in the genomic mapping. 

Figure 3 is a schematic diagram showing the Acc2 genomic region and 
Acc2 cDNA and the fragments used as probes to determine transgene structure in the 
1345-4 transformant. 
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Figure 4 is schematic diagram showing the structure of the T-DNA insert 
of the invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention provides tomato plants (Lycopersicon esculentum) 
comprising a stably incorporated locus that confers a delayed fruit ripening phenotype on 
the plant. In particular, the tomato plants of the invention contain a T-DNA insert 
comprising a sequence (the AccS transgene) derived from a tomato fruit-specific 
aminocyclopropane carboxylate (ACC) synthase gene, but that does not encode a 
functional ACC synthase enzyme. 

ACC synthase is the rate limiting enzyme that converts s- 
adenosylmethionine to 1-aminocyclopropane-l-carboxylic acid, the immediate precursor 
to ethylene. As explained in detail below, incorporation of the AccS transgene in a 
tomato plant genome inhibits expression of the ACC synthase gene. Inhibition of ACC 
synthase biosynthesis results in reduced levels of ethylene biosynthesis. Thus, fruit of 
tomato plants comprising the transgene exhibit a delayed ripening phenotype, but ripen 
normally when external ethylene is applied. 

As used herein an "AccS transgene" is a truncated coding region from the 
tomato Acc2 gene which is fused to a 35S promoter from cauliflower mosaic virus and a 
nos3' termination sequence from Agrobacterium tumefaciens. In particular, the sequence 
from the Acc2 gene is a sequence consisting of nucleotide 149 to nucleotide 1237. 
Rottman et ai J. MoL Biol. 222:937-961 (1991). 

The plants of the invention are derived, directly or indirectly, from 
transformation of a tomato plant cell with a construct comprising a T-DNA having the 
following regions: (1) LB, the left border region of Agrobacterium T-DNA; (2) 2xpnos, 
a tandem duplicate untranslated promoter region of the nopaline synthase gene from 
Agrobacterium; (3) nptll, the neomycin phosphotransferase gene from Tn5; (4) ocs3\ 
the 3' untranslated genion of the octopine synthase gene from Agrobacterium] (5) LacZ\ 
an untranslated LacZ polylinker sequence; (6) p35S, the 35S promoter form cauliflower 
mosaic virus (7) Cab22L, the leader sequence corresponding to the 5' untranslated region 
of the Cab22R gene from petunia fused to the 35S promoter; (8) AccS, the truncated 
coding region from base 149 to base 1237 of the tomato Acc2 gene; (9) nos 3', the 
untranslated 3' region of the nopaline synthase gene from Agrobacterium', and (10) 
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RB, a right border region of Agrobacierium T-DNA. 

The "T-DNA insert" of the invention comprises three copies of the T- 
DNA described above. The three copies are arranged in inverted repeats at the LB and 
RB. At the LB-LB and RB-RB junction, one border is deleted such that there is only 
one complete border at each junction. The LB and RB at either end of the T-DNA 
structure are also deleted. 

An exemplary plasmid comprising the T-DNA described above, 
pWTT2144/AccS, is described in detail below. This plasmid is used to generate 
transgenic tomato plants using Agrobacierium tumefaciens-mtdiated transformation 
techniques. Stable insertion of the AccS transgene into the tomato genome in the sense 
orientation can result in down-regulation of expression of the corresponding endogenous 
Acc2 gene and a reduction in ethylene biosynthesis in the ripening fruit. The technique 
is an example of Trans witch™ suppression (U.S. Patent No. 5,283,184). One feature of 
TranSwitch™ gene suppression is the reduced accumulation of the targeted gene mRNA 
(reduced steady state RNA). The trait (level of suppression), once selected through the 
first sexual generation, behaves in a simple Mendelian fashion. 

The methods of the present invention can be used to delay fruit ripening of 
any tomato (large fruited or cherry) cultivar for fresh market or processing tomato 
production. Exemplary cultivars that can be used include essentially all commercial 
cultivars. For listings of suitable tomatoes see, Rick, in Evolution of Crop Plants N.W. 
Simmonds, ed. pp268-273 (Longman, London, 1976) and Taylor in The Tomato Crop 
ppl-35 (Chapman and Hall, London, 1986). 

A tomato plant of the present invention can be obtained by crossing a plant 
comprising the T-DNA insert of the invention with any tomato cultivar lacking the insert. 
Any standard method used for crossing tomato plants can be used to introduce the 
transgene into the genome of the desired plant. Generally, the methods involve 
emasculation of one parent, followed by application of pollen from the other parent to 
the stigma of the first parent. The crosses can be performed using either parent as the 
pollen parent. Embryo rescue can also be performed if the flowers abort after 
pollination. 

The plant containing the T-DNA insert can be a plant derived from 
primary transformants or can be a plant in which the factor was introduced through a 
sexual cross. Preferred plants of the invention are those derived from seed deposited 
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with the American Type Culture Collection (ATCC) Accession No. . 

A number of methods can be used to determine if a tomato plant exhibiting 
a delayed ripening phenotype comprises the T-DNA insert of the invention in its genome. 
The terms used herein to describe ripeness of tomato fruit are according to standard 
ripeness classes as described, for instance, in The Tomato Crop Atherton and Rudich eds. 
(Chapman Hall, 1986). The ripeness classes for a given given fruit are set forth in Table 
1. 

Table 1 



Score 


Class 


Description 


1 


Green 


Entirely light to dark-green, but mature. 


2 


Breaker 


First appearance of external pink, red or tannish- 
yellow color, not more than 10%. 


3 


Turning 


Over 10%, but not more than 30% red, pink or 
tannish-yellow. 


4 


Pink 


Over 30%, but not more than 60% pinkish or 
red. 


5 


Light red 


Over 60%, but not more than 90% red. 


6 


Red 


Over 90% red, desirable table ripeness. 



Fruit of the plants of the invention reach breaker stage between about 40 
and about 70 days after anthesis, usually between about 45 and about 60 days after 
anthesis. The fruit, however, differ significantly from wild type fruit in terms of 
ripening inhibition. On the vine, the fruit of plants of the invention typically remain at 
the breaker stage 5 to 7 days longer than wild type. The transition from breaker stage to 
light red stage in the ripening impaired fruit is further delayed with respect to the 
transition for wild type fruit. Under field conditions the fruit of the invention typically 
require approximately 21 days to proceed from the breaker stage to light red stage, 
whereas wild type fruit typically require 4 to 5 days to turn from the breaker stage to the 
red stage. The ripening impaired fruit under field conditions can remain indefinitely at 
the light red stage without ever reaching the red stage. 

There are analogous differences in ripening for off the vine fruit picked at 
the breaker stage and stored at 15°C. Ripening impaired fruit of the invention typically 
require at least about 2 weeks (typically about 3 weeks) to reach the pink stage, and 
while some may reach the light red stage, the fruit can remain indefinitely without 
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reaching the red stage. Fruit will, however, reach the red stage upon the application of 
ethylene. This is to be contrasted with wild type fruit which typically require 5 to 7 days 
to reach red ripe stage from the breaker stage under comparable conditions. 

Fruit color development, as measured by the a/b ratio measures about 5 to 
about 10 fold less in the fruit of the invention as compared to control fruit at the breaker 
or equivalent stage. Standard methods for determining tomato fruit color are described, 
for instance, in Gull et al J. Amer. Soc. Hort. ScL 1 14:950-954 (1989) and Kader et al 
Hort. ScL 13:577-578 (1978). At the time the control fruit are red ripe, the levels of 
color in the fruit of the invention are 4 to 5 times lower. 

In addition, the fruit do not synthesize normal levels of ethylene during 
ripening. Typically, the level which is detected at the breaker or equivalent stage is less 
than about 0.5 nl/g/hr, usually about 0.1 nl/g/hr as measured using a standard assay as 
described in Grierson and Tucker, Planta 157:174-179 (1983) and Sawamura et al Plant 
Cell Physiol. 19:1061-1069 (1978). At the pink stage which follows the breaker stage 
the fruit continue to have ethylene levels which are reduced by about 50 to about 100 
fold compared to control fruit. 

Since the T-DNA inserts comprise NPTII genes, kanamycin resistance can 
be determined using selective media or by spraying 10-14 day old tomato seedlings with 
a solution of kanamycin (lg/L) on three consecutive days. The levels of Acc2 mRNA 
can be measured using standard techniques such as Northern blots, RNAse protection 
assays and the like. To further characterize the plants nucleic hybridization techniques 
can be used to determine structure of the T-DNA insert in the plant. The example 
section, below, provides a detailed description of the molecular characterization of the T- 
DNA insert of the invention. 

The precise locus in which the T-DNA insert of the invention is integrated 
can be determined using standard genetic and molecular mapping techniques well known 
to those of skill in the art. Obviously, for plants derived either directly or indirectly 
from a particular plant or seed containing the T-DNA insert (e.g., those deposited with 
the ATCC under Accession No. ), the locus will be the same as the parent plant. 

The following example is provided to illustrate, but not limit the claimed 

invention. 

Example 1 

A. Agrobacterium-mediatcd transformation system 
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Introduction of DNA into plant tissue by Agrobacrerium-mediaied 
transformation as described in U.S. Patent No. 5,283,184. The vector system used to 
transfer the AccS transgene into tomato is based on the Ti plasmid from Agrobacterium 
tumefaciens, 

5 The T-DNA plasmid, pWTT2 144/ AccS, used in these transformations is 

composed of: (1) the replication of origin from pACYC184 that ensures replication in 
Escherichia coli\ (2) the pVSl replicon (derived from Pseudomonas aeruginosa DNA) 
that ensures replication in A. tumefaciens; (3) the tetracycline resistance marker from 
plasmid RP1 that allows for selection of the binary plasmid in A. tumefaciens and E. 

10 coli, and (4) the left and right border regions of T-DNA from an octopine strain of A. 
tumefaciens which surround the DNA insertion in the plant genome. 

Within the T-DNA are the nptll gene from transposon Tn5 that encodes 
enzyme neomycin phosphotransferase II and serves as a selectable marker for 
transformed plant cells, fused to a nopaline synthase (nos) promoter sequence and 

15 octopine synthase (ocsS 9 ) termination sequence from A. tumefaciens, and the LacZ' 
polylinker region with multiple restriction sites for cloning of genes to be transferred. 
The T-DNA has an insertion of a truncated Acc2 gene coding region fused to the 35S 
promoter from cauliflower mosaic virus and the nos3' termination sequence in the LacZ' 
polylinker region of pWTT2144. 

20 Plasmid pWTT2144 was transferred from E. coli to A. tumefaciens 

LBA4404, which carries the pAL4404 v/r plasmid, by a triparental mating procedure as 
described by Figurski ctaL, Proc. NaiL Acad. Sci. USA 76:1648-1652 (1979). 

The plasmid pWTT2 144/ AccS was used to transform the parental line 
91103-114 to generate line 1345-4, described in detail below. The T-DNA region of this 

25 plasmid consists of the following sequences (sec, Figure 1): 

CaMV35S . The 35S promoter region is derived from cauliflower mosaic 
virus and controls expression of the AccS gene. The 35S promoter directs high level 
constitutive expression and is widely used as a promoter for high expression of 
transgenes. 

30 Cah22L leader . The Cab22L leader sequence (Cab22L) is a 69 bp 

fragment of Petunia hybrida genomic DNA which was derived from the Cab22L gene 
and corresponds to the 5' untranslated region for that gene. 

AccS . The AccS gene is a truncated coding region derived from an ACC 
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synthase gene (Acc2) isolated from tomato (L. esculenrum). The AccS gene corresponds 
to a 1088 bp region of theAcc2 gene from base 149 to base 1237. The AccS gene does 
not encode a functional ACC synthase enzyme. 

Terminatio n sequences . The nopaline synthase (nos3 ') and octopine 
synthase (ocs3') gene termination sequences from A. tumefaciens function in the 
expression of the AccS and nptll genes, respectively. 

2Xpnos Promoter. The nos promoter is present in line 1345-4 as a 
duplicate tandem repeat of the untranslated 5' region of the nopaline synthase gene from 
A, tumefaciens. It functions in line 1345-4 in the expression of the nptll selectable 
marker gene. This sequence, as used in line 1345-4, no longer functions as a regulated 
article since it is not associated with the nopaline synthase coding region which functions 
in A. tumefaciens. 

N PtH- The nptll gene is a coding region originally isolated from 
transposon Tn5. It encodes a protein, neomycin phosphotransferase II, which catalyzes 
the phosphorylation of certain aminoglycoside antibiotics, rendering transformed cells 
resistant to kanamycin. It functions in line 1345-4 as a selectable marker. 

LacZ' polvlinker sequence. The untranslated LacZ' polylinker sequence 
functions in line 1345-4 as a site for cloning the AccS transgene into the binary vector 
pWTT2144. Borders . The left and right border regions of T-DNA from 

A. tumefaciens function in the transfer of gene sequences into the tomato genome. The 
border regions are the only necessary ay-acting elements in T-DNA for T-DNA 
insertion. The use of a binary vector system allows for other necessary transfer elements 
to act in trans so that only the border regions are required to be integrated into the plant 
host genome. The T-DNA borders are only partially transferred to the tomato genome; 
during the transformation process, the left border is cul between nucleotides 293 and 294 
(left border nick) while the right border is cut between nucleotides 7603 and 7604 (right 
border nick). This cleavage reduces the length of the right border fragment of 
pWTT2 144/ AccS from 1900 bp to 303 bp in the T-DNA and the left border fragment of 
p\VTT2 144/ AccS from 880 bp to 589 bp in the T-DNA (Figure 1). 

B. Description of Non-transformed Tomato Cullivar 91103-114 

DNAP tomato line 91103-114 is a somaclone derived from the breeding 
line FL7181 developed by Dr. Jay Scott at the University of Florida. Line FL7181 is 
characterized as a determinate large-fruited variety with an average fruit weight of 8 oz. 
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Fruit are globate to slightly elliptical in shape and are substantially firmer than fruit of 
comparable varieties (i.e., Floradade). Fruit shoulders are smooth and exhibit a darker 
green shade than the rest of the fruit surface before ripening. Fruit ripen to a deep 
crimson red interior color due to the presence of the og e allele. The fruit stem (pedicel) 
lacks a joint. This line is known to be resistant to Verticillium wilt race 1 and Fusarium 
wilt races 1 and 2. 

The DNAP line 91 103-1 14 exhibits all of the traits described above, but 
differs from FL7181 principally by reduced blossom end scar size, strong main stem and 
increased foliage cover for fruit. Line 91 103-1 14 also differs from FL7181 in its 
adaptation to diverse growth environments; while FL7181 is specifically adapted to 
Florida growing regions, 91 103-1 14 has proven to grow well in other regions (e.g., 
California). 

C. Description, History and Mendelian Inheritance of Delaved-Ripening Tomato 
Line 1345-4 

The line 1345-4 is a homozygous T 2 selection from an original T 0 
transformant 1345, obtained after Agrobacterium rumefaciens transformation of the 
DNAP line 91103-114 with binary vector pWTT2144/AccS. 

The primary transformant 1345 was selected in a greenhouse screen of 
several hundred primary transformants to have fruit which did not ripen when left on the 
vine. Subsequently, 10 of the 1345 T, seed (derived from self fertilization) which were 
prescreened for kanamycin resistance were sceened in the greenhouse and observations 
on the plant and fruit phenotype were made. Plant 1345-4 was selected as having fruit, 
which did not ripen on the vine. The 1345-4 plant was shown to be homozygous for the 
T-DNA locus. Seed from the self-fertilization of 1345-4 have been subsequently 
analyzed in multiple field trials over multiple growing seasons. 

No instability in the delayed-ripening phenotype has been observed in any 
field trials. Two independent ways have been used to monitor the stability of line 
1345-4. First, it is possible to establish that the T-DNA insertion is stable and intact by 
measuring kanamycin resistance in large populations of seedlings in the greenhouse. It 
was established that the 1345 plant was carrying a single T-DNA insertion by evaluating 
the segregation of kanamycin resistance in the primary transformant. Subsequently, 
multiple kanamycin-resistant T2 plants were selected and segregation of the 
kanamycin-resistant phenotype in progeny plants arising from self-fertilization of the 
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selected T2 plants was evaluated. The T3 plants from 1345-4 were all kanamycin 
resistant, hence it was deduced that the 1345-4 plant was homozygous. 

The second approach to evaluating the stability of line 1345-4 is through 
observation of the delayed-ripening phenotype in the field. A number of separate field 
5 trials for the evaluation of the homozygous 1345-4 line and progeny derived from it have 
been carried out. These trials have involved the evaluation of fruit on at least 2000 
separate plants of 1345-4. During these evaluations, which involved observations of the 
individual plants at multiple times during the ripening process and the harvest of fruit 
from all of the plants, no exceptional plants in which all the fruit ripen at the normal rate 

10 have been observed. 

D. DNA Analysis of Delaved-Ripening Tomato Line 1345-4 

To determine the nature and number of insertions which have occurred in 
line 1345, Southern hybridizations were used to characterize the structure of the T-DNA 
inserts in the genomic DNA, in conjunction with the nprll segregation data described 

15 above which indicates the T-DNA locus number. The T-DNA is defined as the region 
between the left and right borders of the binary vector pWTT2144/AccS that is 
transferred into the plant (see Figure 1). This region includes the nprll selectable marker 
and the truncated ACC synthase gene (AccS), together with the left and right border 
sequences. Figure 2 shows the restriction enzymes used to cleave the DNA and the 

20 location of the four probes used to determine the structure of T-DNA insert, the left 
border (LB), nprll, Acc2 t and right border (RB) probes. 
1. Copy number 

The number of additional AccS genes in 1345 was determined by 
digesting genomic DNA from transgenic plants with HindUI and EcoRI . then after 

25 electrophoresis and transfer to nylon membranes, hybridizing to a 32 P-labeled Acc2 

probe. This probe hybridizes to a 0.9 kb EcoRI-Hindlll fragment from the transgene 
(AccS) and a 1 .2 kb HindUI fragment from the endogenous Acc2 gene which includes an 
additional 300 bp of intron sequence. By comparing the intensity of the transgene and 
endogenous bands, a determination of the number of copies of the transgene can be made 

30 in either the hemizygous primary transformant or homozygous SI progeny. The 

hybridization patterns of genomic DNA from an untransformed tomato plant, Baxter's 
Early Bush Cherry (BEB) and 1345-4 digested with HindUI and EcoRI and hybridized to 
the Acc2 probe were analyzed. In 1345-4, the homozygous SI progeny of 1345, the 
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endogenous gene to transgene ratio is greater than 2 suggesting that there are at least 2 
copies of AccS in the transgenic DNA. Since the nptll gene segregates as a single locus, 
it is most probable that the 2-3 copies of the T-DNA are present at a single locus. 
2. T-DNA Structure 

5 It is known that a single intact copy or multiple T-DNA copies can be 

inserted at a single locus as direct or inverted repeats around either the left or right 
border, and it is known that deletions of the T-DNA or insertions of genomic DNA may 
be present between the T-DNA copies (Jorgenson et aL, Mol Gen. Genet. 207:471-477 
(1987)). To determine the organization of the T-DNAs in the 1345 genome, we 

10 hybridized several different probes to the 1345-4 genome digested with several restriction 
enzymes. Figure 2 shows the relative map position of the probes in the T-DNA. 

Left and Right Borders: Eco-RI digestions were done to determine the 
number of intact left and right border fragments. EcoRI sites in the T-DNA are located 
approximately 500 bp in from the LB and 2.1 kb in from the RB (within the AccS 

15 transgene). The fragments hybridizing to the specific border probe will be at least this 
size. If there is an inverted repeat at the LB and the borders are intact and flush, we 
would expect to see a 1 kb EcoRI fragment hybridizing only to the LB. For the RB, an 
intact inverted repeat would give a 4.2 kb fragment that hybridizes to the RB fragment as 
well as to the AccS probe. A direct LB-RB repeat would result in a fragment of 2.6 kb 

20 that hybridizes to both border probes and AccS. 

In 1345-4 DNA cut with EcoRI . a 2.9 kb fragment hybridizes to the LB 
probe only and a 3.5 kb fragment hybridizes to the RB probe only, indicating that there 
is one intact left and right border. Likewise, the Ncol digestions show single hybridizing 
bands with both probes and the fragments are of appropriate sizes (LB fragment, greater 

25 than 1.6 kb and RB fragment greater than 2.3 kb). The Hindlll and Xbal digests also 
show single bands of appropriate sizes which suggests that there is a single complete 
T-DNA insertion. However, we know from the copy number blots (see above) that there 
are at least two copies of the AccS transgene. Together these results suggest that a 
deleted form of T-DNA, containing an intact AccS gene but missing one or both of the 

30 borders, is also present. There are no direct repeat structures since the LB and RB 
probes do not hybridize to the same fragment. There could, however, be inverted or 
indirect repeats around either border. Hybridizations with the nptll and AccS probes 
were done to further characterize the T-DNA insertions. 
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nptlh If the T-DNA is intact, the nptll probe will hybridize to a single 
2.4 kb EcoRI fragment containing the entire 2Xpnos-/7/?tf/-ocs3' fusion (see Figure 2). 
In 1345-4 genomic DNA cut with EcoRL the expected 2.4 kb fragment is present in 
addition to two other hybridizing fragments of 5.2 kb and 2.9 kb. The 2.9 kb fragment 
5 also hybridizes to the left border probe which indicates that there is probably one 

complete internal copy and 2 incomplete copies of T-DNA with deletions occurring at the 
LB. Since the 2.9 kb EcoRI fragment hybridizes to both nptll and LB probes, this 
junction is likely an inverted repeat with a deletion of one of the borders that includes the 
EcoRI site. Hybridization of an EcoRI fragment to both the LB probe and the nptll 

10 probe can only occur if a deletion eliminates one of the EcoRI sites. 

Since Ncol cleaves within the nptll coding sequence, digestion of the 
T-DNA with this enzyme will give two nptll fragments, one of 2.1 kb which spans the 
nptll V coding region up to the Ncol site located at the ATG of the AccS transgene, and 
one of 1.2 kb in length which includes the 5' nptll coding region and LB to the next 

15 Ncol site in either genomic DNA or adjacent T-DNA insertion. If there is a perfect 

inverted repeat at the LB, we expect a 3.3 kb Ncol fragment that hybridizes to both the 
nptll and LB probes. Based on the results from the EcoRI digestion, we expect the 2. 1 
kb fragment to be present, as well as two fragments greater than 1.2 kb. One of these 
will also hybridize to, the LB. As predicted, the 2.1 kb fragment is present as well as a 

20 6.6 kb fragment and a 2.9 kb fragment which also hybridizes to the LB probe. This is 
consistent with the presence of three T-DNA copies, one which is complete and intact, 
one which is an inverted repeat with a deletion (approximately 600 bp) extending to the 
LB, and a second inverted repeat with a deletion (approximately 50 bp) extending to the 
right border. 

25 AccS: Hybridization with the AccS probe will give fragments greater than 

2.3 kb and 2.1 kb for Ncol and EcoRI digests respectively. These fragments will also 
hybridize to the RB probe if the border is intact. The results show two hybridizing 
fragments for Ncol, 15 kb and 3.8 kb, and two for EcoRI, 4 kb and 3.5 kb. The 3.8 kb 
Ncol fragment and the 3.5 kb EcoRI fragment also hybridize to the RB. These results 

30 confirm that there are at least 2 copies of AccS, and that one copy is present on a 
T-DNA with a deleted RB. To demonstrate that AccS itself has not been deleted or 
rearranged, Ncol/Xhal double digests were done to drop out the intact 1.1 kb fragment 
containing the complete truncated gene. 
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Linkage ofAccS and nptll: Xbal and Hindlll cleave the T-DNA once 
approximately 1 kb in from the right border. Digestion with either of these enzymes will 
generate fragments containing both the nptll and AccS genes. After Xbal digestion, a 
9.2 kb and a 6.2 kb fragment hybridized with both probes. After Hindlll digestion, a 
9.2 kb and 6.4 kb fragment hybridized to both probes confirming that each copy of AccS 
is linked to a copy of nptll. The 9.2 kb fragment also hybridizes to the LB. The size of 
the fragments are consistent with the presence of inverted T-DNA repeats at the LB and 
RB. * 

The structure for 1345-4 T-DNA insertion is shown in Figure 4. It consists 
of three T-DNAs assembled in inverted repeats at the LB and RB. At the LB-LB and 
RB-RB junction, one border is deleted such that there is likely only one complete border 
at each junction. The LB and RB at either end of the T-DNA structure are also deleted. 
The endpoint rightward is internal to the nptll gene and deletes the internal Ncol site, 
and the endpoint leftward lies between the Acc2 gene and the right border. 

Finally, the nucleotide sequence of the T-DNA insert of 1345-4 has been 
complied from the deduced restriction map and is present in SEQ. ID. No. 1. 

The above examples are provided to illustrate the invention but not to limit 
its scope. Other variants of the invention will be readily apparent to one of ordinary 
skill in the art and are encompassed by the appended claims. All publications, patents, 
and patent applications cited herein are hereby incorporated by reference. 
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SEQ. ID. N . 1 

1345-4 T-DNA LOCUS 



I#acZ<- I ->noi3 * 

CGACGGCCAGTGCCAAGCTTGCATGCCTGCAGGTCGATCTAGTAACATAG 

ATGACACCGCGCGCGATAATTTATCCTAGTTTGCGCGCTATATTTTGTTT 
TCTATCGCGTATTAAATGTATAATTGCGGGACTCTAATCATAAAAACCCA 
TCTCATAAATAACGTCATGCATTACATGTTAATTATTACATGCTTAACGT 
AATTCAACAGAAATTATATGATAATCATCGCAAGACCGGCAACAGGATTC 

no a 3 • <- | 

AATCTTAAGAAACTTTATTGCCAAATGTTTGAACGATCTGCCCCTTGACT 
->ACCS 

CTAGAAACAAACTCGAAACCAACCTGGCTCTTGACATTCAAACGAAGATC 
CAAGCGAGACGTTAAGCTTAACATCGTTTATAATAACTCTCCATAACGAC 
ATTTCGCTATCGAAAGTCGATTCCCTTAAAAGTGGACGCAAATCCATCCA 
ACAAAAAAGCCCCGCATTATTTTTCAAGCATTTAATTCCCACTACTTCAA 
GTCCATTAGTAAAATGTTTGTGCCTTTTACCTAACCTCATCGCGCTTTCT 
CTTAGAAAATTATCGACGAATTTTTCGTCCGATGGCATTGCCGCTAAAAA 
ATATTGCGTTTGTGTAGATACTAAACCGAAACTCGACATTTTTCTAGCAC 
AATTAACGACATCGTCGTTAAAAGAATATATGATTCCGACTCTAAATCCT 
GGTAACCCCATGTCTTTTGAAAGACTGTAGACGATGTGAACTAAATCTTT 
GTTGCAGTAAGTCATTTCCTGTTCATCGAGGATTTCAGCTATACTGACGA 
ATTGAGGCG7GTCAAAGACAGTGGCTGCGTAGATTTCGTCACAAACAAGG 
TGGATGTTGTGTTGGTTGGTGAAACTCAAGACACTTTTCAGTGTGTCTTT 
GTCCAAAGTGGTGCCCAATGGATTTGATGGATTGGTCAAAATCAAACCTT 
TTACTTTGATGTTTGATTTTTGTGCATTTTCATATGCTTCTTTTACTGCT 
TTTGAAGTAATTTTGAAATTATTGGAGCTCTCACAGTGAATTGGAATAAG 
TTGTACTCCAGTTCTCCATCTTAAATCTCTGTTAAATGCTGGGTAGTATG 
GTG AAGGTACTAAAAATGCAT C G C CAGGAT CAGCCAAACAAAATAT AATT 
GTCTCATTAGCTCCAGTGGCACCACCAGCCATAACAACTCTTTCTGGATC 
AAATCTAACTCTTCCTCCTCTTGTTTTCTCCATAAATTTCGCAATCGCTT 
TTCTGAATTCAGGCAAGCCATGATAATCTTGAAAGTTGGCAATGGCCTTG 
AATGATTTGATTCCTTCAGAACAAATTGAACCTTTTGGGTTTCTCTTAAT 

ACCS<- | 

CCAATCTTCTATCAAGTCTAAACJIAAGCTGATTTTCTGCTAAACCCATGG 
->35SCab22L 

TTTAATAAGAAGAGAAAAGAGTTCTTTTGTTATGGCTGAAGTAATAGAGA 
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AATGAGCTCGAGCGTGTCCTCTCCAAATGAAATGAACTTCCTTATATAGA 

GGAAGGGTCTTGCGAAGGATAGTGGGATTGTGCGTCATCCCTTACGTCAG 

TGGAGATGTCACATCAATCCACTTGCTTTGAAGACGTGGTTGGAACGTCT 

TCTTTTTCCACGATGCTCCTCGTGGGTGGGGGTCCATCTTTGGGACCACT 

GTCGGCAGAGGCATCTTGAATGATAGCCTTTCCTTTATCGCAATGATGGC 

ATTTGTAGGAGCCACCTTCCTTTTCTACTGTCCTTTCGATGAAGTGACAG 

ATAGCTGGGCAATGGAATCCGAGGAGGTTTCCCGAAATTATCCTTTGTTG 

AAAAGTCTCAATAGCCCTTTGGTCTTCTGAGACTGTATCTTTGACATTTT 

TGGAGTAGACCAGAGTGTCGTGCTCCACCATGTTGACGAAGATTTTCTTC 

TTGTCATTGAGTCGTAAAAGACTCTGTATGAACTGTTCGCCAGTCTTCAC 

GGCGAGTTCTGTTAGATCCTCGATTTGAATCTTAGACTCCATGCATGGCC 

TTAGATTCAGTAGGAACTACCTTTTTAGAGACTCCAATCTCTATTACTTG 

CCTTGGTTTATGAAGCAAGCCTTGAATCGTCCATACTGGAATAGTACTTC 

TGATCTTGAGAAATATGTCTTTCTCTGTGTTCTTGATGCAATTAGTCCTG 

AATCTTTTGACTGCATCTTTAACCTTCTTGGGAAGGTATTTGATCTCCTG 

GAGATTGTTACTCGGGTAGATCGTCTTGATGAGACCTGCTGCGTAGGCCT 

CTCTAACCATCTGTGGGTCAGCATTCTTTCTGAAATTGAAGAGGCTAACC 

TTCTCATTATCAGTGGTGAACATAGTGTCGTCACCTTCACCTTCGAACTT 

CCTTCCTAGATCGTAAAGATAGAGGAAATCGTCCATTGTAATCTCCGGGG 
35SCab22Ii<- [ ->LacZ 

CAAAGGAGATCCCGGGTACCGAGCTCGAATTCGTAATCATGGTCATAGCT 
GTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAG 
CCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTC 
ACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTC 

GTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGC 

LacZ<- | ->ocs3 • 
GTATTGGGCAGCGGCCGCTGTTACCCGGCCGCCGTGCTGGACCGGGTTGA 

ATGGTGCCCGTAACTTTCGGTAGAGCGGACGGCCAATACTCAACTTCAAG 

GAATCTCACCCATGCGCGCCGGCGGGGAACCGGAGTTCCCTTCAGTGAAC 

GTTATTAGTTCGCCGCTCGGTGTGTCGTAGATACTAGCCCCTGGGGCCTT 

TTGAAATTTGAATAAGATTTATGTAATCAGTCTTTTAGGTTTGACCGGTT 

CTGCCGCTTTTTTTAAAATTGGATTTGTAATAATAAAACGCAATTGTTTG 

TTATTGTGGCGCTCTATCATAGATGTCGCTATAAACCTATTCAGCACAAT 

ATATTGTTTTCATTTTAATATTGTACATATAAGTAGTAGGGTACAATCAG 

TAAATTGAACGGAGAATATTATTGATAAAAATACGATAGTAACGGGTGAT 

ATATTCATTAGAATGAACCGAAACCGGCGGTAAGGATCTGAGCTACACAT 

GCTCAGGTTTTTTACAACGTGCACAACAGAATTGAAAGCAAATATCATGC 
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ocs3 '<-| ->NPTIX 

GATCATAGGCGTCTCGCATATCTCATTAAAGCAGGGGGTGGGCGAAGAAC 

TCCAGCATGAGATCCCCGCGCTGGAGGATCATCCAGCCGGCGTCCCGGAA ♦ 

AACGATTCCGAAGCCCAACCTTTCATAGAAGGCGGCGGTGGAATCGAAAT 

CTCGTGATGGCAGGTTGGGCGTCGCTTGGTCGGTCATTTCGAACCCCAGA 

GTCCCGCTCAGAAGAACTCGTCAAGAAGGCGATAGAAGGCGATGCGCTGC 

GAATCGGGAGCGGCGATACCGTAAAGCACGAGGAAGCGGTCAGCCCATTC 

GCCGCCAAGCTCTTCAGCAATATCACGGGTAGCCAACGCTATGTCCTGAT 

AGCGGTCCGCCACACCCAGCCGGCCACAGTCGATGAATCCAGAAAAGCGG 

CCATTTTCCACCATGATATTCGGCAAGCAGGCATCGCCATGGGTCACGAC 

GAGATCCTCGCCGTCGGGCATGCGCGCCTTGAGCCTGGCGAACAGTTCGG 

CTGGCGCGAGCCCCTGATGCTCTTCGTCCAGATCATCCTGATCGACAAGA 

CCGGCTTCCATCCGAGTACGTGCTCGCTCGATGCGATGTTTCGCTTGGTG 

GTCGAATGGGCAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCATTGCAT 

CAGCCATGATGGATACTTTCTCGGCAGGAGCAAGGTGAGATGACAGGAGA 

TCCTGCCCCGGCACTTCGCCCAATAGCAGCCAGTCCCTTCCCGCTTCAGT 

GACAACGTCGAGCACAGCTGCGCAAGGAACGCCCGTCGTGGCCAGCCACG 

ATAGCCGCGCTGCCTCGTCCTGCAGTTCATTCAGGGCACCGGACAGGTCG 

GTCTTGACAAAAAGAACCGGGCGCCCCTGCGCTGACAGCCGGAACACGGC 

GGCATCAGAGCAGCCGATTGTCTGTTGTGCCCAGTCATAGCCGAATAGCC 

TCTCCACCCAAGCGGCCGGAGAACCTGCGTGCAATCCATCTTGTTCAATC 



ATGCGAAACGATCCTCATCCTGTCTCTTGATC 
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GftGATTftTIT GGATTGAGAG TGAATMX3AG ACTCTAAITG GAIACCGAGG GGAATriATC GAACGTCAOT 
GGAGCAOTIT TGACAAGAAA TATITOCXAG CTCAIAGTGA CCTTAOGCGA CTTTTCAACG CGCAAX&A3G 
CITICIGACS TATOTCCITA. GCICATTftAA CTCCflSAAAC COQCOSCIGA GTCGCTCCTT CARICGITCC 
GOTXCICTCA GITCCAAACG TAAAACGQCT W aUA U XH ! CATCOGOGGG GGTCAIAAOG TCACTCCCTT 
AMTCTCCGC TCATGATCCA GATTATTTOG ATTGAGMTa AATATGAGAC TCTAAITOSA StftcSAGGGG 
AATTOLIGGA. ACGTCACTG5 MOi'l'l'l'lU ACAAGAAAXA TTTGCTAGCT GATACTOACC TDW5GCGACT 
TTTGAACGCG CAATAATCGT TTCTGACGTA TCIGCnSGC TCATEAAACT CCAGAAACCC GCGGCTGAQT 
GGCTCCTTCA ATCOTPGCGG TTCTCTCAGT TCCAAACGTA AAACGGCTTC TCCCGCGTCA. TCGGCGGGGG 
TCAIAACGTC ACTCCC1TAA TTCTCCGCTC ATGRIC 
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AAffiSCftggftTftTATTCftft 
IlfilfiJ^VTGGCTTCATGTCCGGGAAATCTACATGGATCAGCAATGAGTAT 
GATGGTC^TATGGAGAAAAAGAAAGAGTAATTACCAATTTTTTTTCAAT 
TCAAAAATGTAGATGTCCGCAGCGTTATTATAAAATGAAAGTACATTTTG 
ATAAAACGACAAATTACGATCCGTCGTATTTATAGGCGAAAGCAATAAAC 
AAATTATTCTAATTCGGAAATCTTTATTTCGACGTGTCTACATTCACGTC 
CAAATGGGGGCTTAGATGAGAAACTTCACGATCGATGCCTTGATTTCGCC 
ATTCC CAGATAC CCZATTTCATCTTCAGATTGGTCTG AGATTATGCGAAAA 
TATACACTCATATACATAAATACTGACAGTTTGAGCTACCAATTCAGTGT 
AGCCCATTACCTCACATAATTCACTCAAATGCTAGGCAGTCTGTCAACTC 
GGCGTCAATTTGTCGGCCACTATACGATAGTTGCGCAAATTTTCAAAGTC 
CTGGCCTAACATCACACCTCTGTCGGCGGCGGGTCCCATTTGTGATAAAT 
CCACCCATCGGATCTGAATTCTCACTCATTAGGCNCCCCAGGCTTTACAC 
TTTATGCTTCCGGCTCGTATAATGTGTGGAATTGTGAGCGGATAACAATT 
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LB /LB deleted<- j ->pnoe 

TCACACAGGAAACAGGATCATGAGCGGAGAATTAAGGGAGTCACGTTATG 
ACCCCCGCCGATGACGCGGGACAAGCCGTTTTACGTTTGGAACTGACAGA 
ACCGCAACGATTGAAGGAGCCACTCAGCCGCGGGTTTCTGGAGTTTAATG 
AGCTAAGCACATACGTCAGAAACCATTATTGCGCGTTCAAAAGTCGCCTA 
AGGTCACTATCAGCTAGCAAATATTTCTTGTCAAAAATGCTCCACTGACG 
TTCCATAAATTCCCCTCGGTATCCAATTAGAGTCTCATATTCACTCTCAA 



TCCAAATAATCTGGATCATGAGCGGAGAATTAAGGGAGTCACGTTATGAC 
CCCCGCCGATGACGCGGGACAAGCCGTTTTACGTTTGGAACTGACAGAAC 
CGCAACGATTGAAGGAGCCACTCAGCCGCGGGTTTCTGGAGTTTAATGAG 
CTAAGCACATACGTCAGAAACCATTATTGCGCGTTCAAAAGTCGCCTAAG 
GTCACTATCAGCTAGCAAATATTTCTTGTCAAAAATGCTCCACTGACGTT 
CCATAAATTCCCCTCGGTATCCAATTAGAGTCTCATATTCACTCTCAATC 



CAAATAATCTGGATCTGATCAAGAGACAGGATGAGGATCGTTTCGCATGA 
TTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGG 
CTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGC 
CGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTGTCAAGACCG 
ACCTGTCCGGTGCCCTGAATGAACTGCAGGACGAGGCAGCGCGGCTATCG 
TGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCAC 
TGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATC 
TCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTGAT 
GCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCA 
CCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTC 
TTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCC 
GAACTGTTCGCCAGGCTCAAGGCGCGCATGCCCGACGGCGAGGATCTCGT 
CGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCC 
GCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTAT 
CAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGA 
ATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGC 
AGCGCATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGAGCGGGACTC 
TGGGGTTCGAAATGACCGACCAAGCGACGCCCAACCTGCCATCACGAGAT 
TTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTCGGAATCGTTTT 
CCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGT 

NPTIK - | ->ocb3 • 
TCTTCGCCCACCCCCTGCTTTAATGAGATATGCGAGACGCCTATGATCGC 



| ->pnoa 
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ATGATATTTGCTTTCAATTCTGTTGTGCACGTTGTAAAAAACCTGAGCAT 
GTCTAGCTCAGATCCTTACCGCCGGTTTCTCTTCATTCTAATGAATATAT 
CACCCGTTACTATCGTATTTTTATGAATAATATTCTCCGTTCAATTTACT 
GATTGTACCCTACTACTTATATGTACAATATTAAAATGAAAACAATATAT 
TGTGCTGAATAGGTTTATAGCGACATCTATGATAGAGCGCCACAATAACA 
AACAATTGCGTTTTATTATTACAAATCCAATTTTAAAAAAAGCGGCAGAA 
CCGGTCAAACCTAAAAGACTGATTACATAAATCTTATTCAAATTTCAAAA 
GGCCCCAGGGGCTAGTATCTACGACACACCGAGCGGCGAACTAATAACGT 
TCACTGAAGGGAACTCCGGTTCCCCGCCGGCGCGCATGGGTGAGATTCCT 
TGAAGTTGAGTATTGGCCGTCCGCTCTACCGAAAGTTACGGGCACCATTC 

ocb3 • <- j ->lacZ 

AACCCGGTCCAGCACGGCGGCCGGGTAACAGCGGCCGCTGCCCAATACGC 

AAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGGCACGA 
CAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAATGTGA 
GTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGCT 
CGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAG 

lacZ<- | ->3SSCab22L 

CTATGACCATGATTACGAATTCGAGCTCGGTACCCGGGATCTCCTTTGCC 

CCGGAGATTACAATGGACGATTTCCTCTATCTTTACGATCTAGGAAGGAA 
GTTCGAAGGTGAAGGTGACGACACTATGTTCACCACTGATAATGAGAAGG 
TTAGCCTCTTCAATTTCAGAAAGAATGCTGACCCACAGATGGTTAGAGAG 
GCCTACGCAGCAGGTCTCATCAAGACGATCTACCCGAGTAACAATCTCCA 
GGAGATCAAATACCTTCCCAAGAAGGTTAAAGATGCAGTCAAAAGATTCA 
GGACTAATTGCATCAAGAACACAGAGAAAGACATATTTCTCAAGATCAGA 
AGTACTATTCCAGTATGGACGATTCAAGGCTTGCTTCATAAACCAAGGCA 
AGTAATAGAGATTGGAGTCTCTAAAAAGGTAGTTCCTACTGAATCTAAGG 
CCATGCATGGAGTCTAAGATTCAAATCGAGGATCTAACAGAACTCGCCGT 
GAAGACTGGCGAACAGTTCATACAGAGTCTTTTACGACTCAATGACAAGA 
AGAAAATCTTCGTCAACATGGTGGAGCACGACACTCTGGTCTACTCCAAA 
AATGTCAAAGATACAGTCTCAGAAGACCAAAGGGCTATTGAGACTTTTCA 
ACAAAGGATAATTTCGGGAAACCTCCTCGGATTCCATTGCCCAGCTATCT 
GTCACTTCATCGAAAGGACAGTAGAAAAGGAAGGTGGCTCCTACAAATGC 
CATCATTGCGATAAAGGAAAGGCTATCATTCAAGATGCCTCTGCCGACAG 
TGGTCCCAAAGATGGACCCCCACCCACGAGGAGCATCGTGGAAAAAGAAG 
ACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGTGACATCTCCACT 
GACGTAAGGGATGACGCACAATCCCACTATCCTTCGCAAGACCCTTCCTC 
TATATAAGGAAGTTCATTTCATTTGGAGAGGACACGCTCGAGCTCATTTC 
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35£Cab22L<- | 

TCTATTACTTCAGCCATAACAAAAGAACTCTTTTCTCTTCTTATTAAACC 
->ACCS 

ATGGGTTTAGCAGAAAATCAGC7TTGTTTAGACTTGATAGAAGATTGGAT 
TAAGAGAAACCCAAAAGGTTCAATTTGTTCTGAAGGAATCAAATCATTCA 
AGGCCATTGCCAACTTTCAAGATTATCATGGCTTGCCTGAATTCAGAAAA 
GCGATTGCGAAATTTATGGAGAAAACAAGAGGAGGAAGAGTTAGATTTGA 
TCCAGAAAGAGTTGTTATGGCTGGTGGTGCCACTGGAGCTAATGAGACAA 
TTATATTTTGTTTGGCTGATCCTGGCGATGCATTTTTAGTACCTTCACCA 
TACTACCCAGCATTTAACAGAGATTTAAGATGGAGAACTGGAGTACAACT 
TATTCCAATTCACTGTGAGAGCTCCAATAATTTCAAAATTACTTCAAAAG 
CAGTAAAAGAAGCATATGAAAATGCACAAAAATCAAACATCAAAGTAAAA 
GGTTTGATTTTGACCAATCCATCAAATCCATTGGGCACCACTTTGGACAA 
AGACACACTGAAAAGTGTCTTGAGTTTCACCAACCAACACAACATCCACC 
TTGTTTGTGACGAAATCTACGCAGCCACTGTCTTTGACACGCCTCAATTC 
GTCAGTATAGCTGAAATCCTCGATGAACAGGAAATGACTTACTGCAACAA 
AGATTTAGTTCACATCGTCTACAGTCTTTCAAAAGACATGGGGTTACCAG 
GATTTAGAGTCGGAATCATATATTCTTTTAACGACGATGTCGTTAATTGT 
GCTAGAAAAATGTCGAGTTTCGGTTTAGTATCTACACAAACGCAATATTT 
TTTAGCGGCAATGCCATCGGACGAAAAATTCGTCGATAATTTTCTAAGAG 
AAAGCGCGATGAGGTTAGGTAAAAGGCACAAACATTTTACTAATGGACTT 
GAAGTAGTGGGAATTAAATGCTTGAAAAATAATGCGGGGCTTTTTTGTTG 
GATGGATTTGCGTCCACTTTTAAGGGAATCGACTTTCGATAGCGAAATGT 
CGTTATGGAGAGTTATTATAAACGATGTTAAGCTTAACGTCTCGCTTGGA 

ACCS<- | ->aoa3 ' 

TCTTCGTTTGAATGTCAAGAGCCAGGTTGGTTTCGAGTTTGTTTCTAGAG 

TCAAGGGGCAGATCGTTCAAACATTTGGCAATAAAGTTTCTTAAGATTGA 
ATCCTGTTGCCGGTCTTGCGATGATTATCATATAATTTCTGTTGAATTAC 
GTTAAGCATGTAATAATTAACATGTAATGCATGACGTTATTTATGAGATG 
GGTTTTTATGATTAGAGTCCCGCAATTATACATTTAATACGCGATAGAAA 
ACAAAATATAGCGCGCAAACTAGGAT7LAATTATCGCGCGCGGTGTCATCT 

noe3 * | ->lac2 

ATGTTACTAGATCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCGTT 

TTACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAACTTAATCGCCT 
TGCAGCACATCCCCCTTTCGCCAGCTGGCGTAATAGCGAAGAGGCCCGCA 

nos3 1 <- | 

CCGATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGCGCCAG 
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->RB/d leted RB 

ATCCCTGAAAGCGACGTTGGATGTTAACATCTACAAATTGCCTTTTCTTA 
TCGACCATGTACGTAAGCGCTTACGTTTTTGGTGGACCCTTGAGGAAACT 
GGTAGCTGTTGTGGGCCTGTGGTCTCAAGATGGATCATTAATTTCCACCT 
TCACCTACGATGGGGGGCATCGCACCGGTGAGTAATATTGTACGGCTAAG 
AGCGAATTTGGCCTGTAGACCTCAATTGCGAGCTTTCTAATTTCAAACTA 
TTrGGGCCTAACTTTTGGTGTGATGATGCTGACT GGCAGGATATATACCG 

IIGiaaiCGCTCTTAGCCGTACAATATTACTCACCGGTGCGATGCCCCCC 
ATCGTAGGTGAAGGTGGAAATTAATGATCCATCTTGAGACCACAGGCCCA 
CAACAGCTACCAGTTTCCTCAAGGGTCCACCAAAAACGTAAGCGCTTACG 
TACATGGTCGATAAGAAAAGGCAATTTGTAGATGTTAACATCCAACGTCG 

RB/deleted KB<- | ->lacZ 

CTTTCAGGGATCTGGCGCCATTCGCCATTCAGGCTGCGCAACTGTTGGGA 

AGGGCGATCGGTGCGGGCCTCTTCGCTATTACGCCAGCTGGCGAAAGGGG 
GATGTGCTGCAAGGCGATTAAGTTGGGTAACGCCAGGGTTTTCCCAGTCA 

lac2<- | 

CGACGTTGTAAAACGACGGCCAGTGCCAAGCTTGCATGCCTGCAGGTCGA 
->nos3 ' 

TCTAGTAACATAGATGACACCGCGCGCGATAATTTATCCTAGTTTGCGCG 
CTATATTTTGTTTTCTATCGCGTATTAAATGTATAATTGCGGGACTCTAA 
TCATAAAAACCCATCTCATAAATAACGTCATGCATTACATGTTAATTATT 
ACATGCTTAACGTAATTCAACAGAAATTATATGATAATCATCGCAAGACC 
GGCAACAGGATTCAATCTTAAGAAACTTTATTGCCAAATGTTTGAACGAT 

noa3 • <- | ->ACC3 

CTGCCCCTTGACTCTAGAAACAAACTCGAAACCAACCTGGCTCTTGACAT 

TCAAACGAAGATCCAAGCGAGACGTTAAGCTTAACATCGTTTATAATAAC 
TCTCCATAACGACATTTCGCTATCGAAAGTCGATTCCCTTAAAAGTGGAC 
GCAAATCCATCCAACAAAAAAGCCCCGCATTATTTTTCAAGCATTTAATT 
CCCACTACTTCAAGTCCATTAGTAAAATGTTTGTGCCTTTTACCTAACCT 
CATCGCGCTTTCTCTTAGAAAATTATCGACGAATTTTTCGTCCGATGGCA 
TTGCCGCTAAAAAATATTGCGTTTGTGTAGATACTAAACCGAAACTCGAC 
ATTTTTCTAGCACAATTAACGACATCGTCGTTAAAAGAATATATGATTCC 
GACTCTAAATCCTGGTAACCCCATGTCTTTTGAAAGACTGTAGACGATGT 
GAACTAAATCTTTGTTGCAGTAAGTCATTTCCTGTTCATCGAGGATTTCA 
GCTATACTGACGAATTGAGGCGTGTCAAAGACAGTGGCTGCGTAGATTTC 
GTCACAAACAAGGTGGATGTTGTGTTGGTTGGTGAAACTCAAGACACTTT 
TCAGTGTGTCTTTGTCCAAAGTGGTGCCCAATGGATTTGATGGATTGGTC 
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AAAATCAAACCTTTTACTTTGATGTTTGATTTTTGTGCATTTTCATATGC 
TTCTTTTACTGCTTTTGAAGTAATTTTGAAATT^ 

GAATTGGAATAAGTTGTACTCCAGTTCTCCATCTTAAATCTCTGTTAAAT 
GCTGGGTAGTATGGTGAAGGTACTAAAAATGCATCGCCAGGATCAGCCAA 
ACAAAATATAATTGTCTCATTAGCTCCAGTGGCACCACCAGCCATAACAA 
CTCTTTCTGGATCAAATCTAACTCTTCCTCCTCTTGTTTTCTCCATAAAT 
TTCGCAATCGCTTTTCTGAATTCAGGCAAGCCATGATAATCTTGAAAGTT 
GGCAATGGCCTTGAATGATTTGATTCCTTCAGAACAAATTGAACCTTTTG 
GGTTTCTCTTAATCCAATCTTCTATCAAGTCTAAACA 

ACCS<- | ->35SCab22L 
GCTAAACCCATGGTTTAATAAGAAGAGAAAAGAGTTCTTTTGTTATGGCT 
GAAGTAATAGAGAAATGAGCTCGAGCGTGTCCTCTCCAAATGAAATGAAC 
TTCCTTATATAGAGGAAGGGTCTTGCGAAGGATAGTGGGATTGTGCGTCA 
TCCCTTACGTCAGTGGAGATGTCACATCAATCCACTTGCTTTGAAGACGT 
GGTTGGAACGTCTTCTTTTTCCACGATGCTCCTCGTGGGTGGGGGTCCAT 
CTTTGGGACCACTGTCGGCAGAGGCATCTTGAATGATAGCCTTTCCTTTA 
TCGCAATGATGGCATTTGTAGGAGCCACCTTCCTTTTCTACTGTCCTTTC 
GATGAAGTGACAGATAGCTGGGCAATGGAATCCGAGGAGGTTTCCCGAAA 
TTATCCTTTGTTGAAAAGTCTCAATAGCCCTTTGGTCTTCTGAGACTGTA 
TCTTTGACATTTTTGGAGTAGACCAGAGTGTCGTGCTCCACCATGTTGAC 
GAAGATTTTCTTCTTGTCATTGAGTCGTAAAAGACTCTGTATGAACTGTT 
CGCCAGTCTTCACGGCGAGTTCTGTTAGATCCTCGATTTGAATCTTAGAC 
TCCATGCATGGCCTTAGATTCAGTAGGAACTACCTTTTTAGAGACTCCAA 
TCTCTATTACTTGCCTTGGTTTATGAAGCAAGCCTTGAATCGTCCATACT 
GGAATAGTACTTCTGATCTTGAGAAATATGTCTTTCTCTGTGTTCTTGAT 
GCAATTAGTCCTGAATCTTTTGACTGCATCTTTAACCTTCTTGGGAAGGT 
ATTTGATCTCCTGGAGATTGTTACTCGGGTAGATCGTCTTGATGAGACCT 
GCTGCGTAGGCCTCTCTAACCATCTGTGGGTCAGCATTCTTTCTGAAATT 
GAAGAGGCTAACCTTCTCATTATCAGTGGTGAACATAGTGTCGTCACCTT 
CACCTTCGAACTTCCTTCCTAGATCGTAAAGATAGAGGAAATCGTCCATT 

35SCab22L<- | ->lacZ 
GTAATCTCCGGGGCAAAGGAGATCCCGGGTACCGAGCTCGAATTCGTAAT 

CATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCA 
CACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATG 
AGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGT 
CGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGG 
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lacz<- | ->oca3 1 

AGAGGCGGTTTGCGTATTGGGCAGCGGCCGCTGTTACCCGGCCGCCGTGC 

TGGACCGGGTTGAATGGTGCCCGTAACTTTCGGTAGAGCGGACGGCCAAT 
ACTCAACTTCAAGGAATCTCACCCATGCGCGCCGGCGGGGAACCGGAGTT 
CCCTTCAGTGAACGTTATTAGTTCGCCGCTCGGTGTGTCGTAGATACTAG 
CCCCTGGGGCCTTTTGAAATTTGAATAAGATTTATGTAATCAGTCTTTTA 
GGTTTGACCGGTTCTGCCGCTTTT T T T AAAATTGGATTTGTAATAATA^ 
ACGCAATTGTTTGTTATTGTGGCGCTCTATCATAGATGTCGCTATAAACC 
TATTCAGCACAATATATTGTTTTCATTTTAATATTGTACATATAAGTAGT 
AGGGTACAATCAGTAAATTGAACGGAGAATATTATTCATAAAAATACGAT 
AGTAACGGGTGATATATTCATTAGAATGAACCGAAACCGGCGGTAAGGAT 
CTGAGCTACACATGCTCAGG7TTTTTACAACGTGCACAACAGAATTGAAA 

0C83 f <- I ->NPTII 

GCAAATATCATGCGATCATAGGCGTCTCGCATATCTCATTAAAGCAGGGG 

GTGGGCGAAGAACTCCAGCATGAGATCCCCGCGCTGGAGGATCATCCAGC 
CGGCGTCCCGGAAAACGATTCCGAAGCCCAACCTTTCATAGAAGGCGGCG 
GTGGAATCGAAATCTCGTGATGGCAGGTTGGGCGTCGCTTGGTCGGTCAT 
TTCGAACCCCAGAGTCCCGCTCAGAAGAACTCGTCAAGAAGGCGATAGAA 
GGCGATGCGCTGCGAATCGGGAGCGGCGATACCGTAAAGCACGAGGAAGC 
GGTCAGCCCATTCGCCGCCAAGCTCTTCAGCAATATCACGGGTAGCCAAC 
GCTATGTCCTGATAGCGGTCCGCCACACCCAGCCGGCCACAGTCGATGAA 
TCCAGAAAAGCGGCCATTTTCCACCATGATATTCGGCAAGCAGGCATCGC 
CATGGGTCACGACGAGATCCTCGCCGTCGGGCATGCGCGCCTTGAGCCTG 
GCGAACAGTTCGGCTGGCGCGAGCCCCTGATGCTCTTCGTCCAGATCATC 
CTGATCGACAAGACCGGCTTCCATCCGAGTACGTGCTCGCTCGATGCGAT 
GTTTCGCTTGGTGGTCGAATGGGCAGGTAGCCGGATCAAGCGTATGCAGC 
CGCCGCATTGCATCAGCCATGATGGATACTTTCTCGGCAGGAGCAAGGTG 
AGATGACAGGAGATCCTGCCCCGGCACTTCGCCCAATAGCAGCCAGTCCC 
TTCCCGCTTCAGTGACAACGTCGAGCACAGCTGCGCAAGGAACGCCCGTC 
GTGGCCAGCCACGATAGCCGCGCTGCCTCGTCCTGCAGTTCATTCAGGGC 
ACCGGACAGGTCGGTCTTGACAAAAAGAACCGGGCGCCCCTGCGCTGACA 
GCCGGAACACGGCGGCATCAGAGCAGCCGATTGTCTGTTGTGCCCAGTCA 
TAGCCGAATAGCCTCTCCACCCAAGCGGCCGGAGAACCTGCGTGCAATCC 

NPTIK- 

ATCTTGTTCAATCATGCGAAACGATCCTCATCCTGTCTCTTGATCAGATC 
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WHAT TS CT.ATI^ti T,g. 

1. A tomato plant comprising a genetic locus having a sequence 
substantially identical to SEQ. ID. No. 1. , 

2. The plant of claim 1 , wherein the plant bears fruit that reach pink 
stage about 2 to about 3 weeks after breaker stage, when the fruit are picked at breaker 
stage and stored at 15°C. 



3. The plant of claim 1, wherein the fruit do not reach red stage in the 
absence of application of ethylene. 

4. The plant of claim 1, which is germinated from seed deposited with 
the American Type Culture Collection under Accession No. 



5. A tomato fruit from the plant of claim 1. 

6. A tomato fruit that reaches pink stage about 2 to about 3 weeks 
after breaker stage, when the fruit is picked at breaker stage and stored at 15°C. 

7. The tomato fruit of claim 6, wherein the fruit does not reach red 
stage in the absence of application of ethylene. 

8. The tomato fruit of claim 6, wherein the fruit has an ethylene level 
less than about 1.0 nl/g/hr. 



9. A method of making a tomato plant with decreased ethylene 
production, the method comprising: 

crossing a parent tomato plant with a tomato plant comprising a genetic 
locus having a sequence substantially identical to SEQ. ID. No. 1, thereby producing 
progeny. 



10. The method of claim 9, wherein the tomato plant comprising the 
genetic locus is germinated from seed deposited with American Type Culture Collection 
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11. The method of claim 9, further comprising the step of selecting 
comprises selecting progeny bearing fruit that reach pink stage about 2 to about 3 weeks 
after breaker stage, when the fruit are picked at breaker stage and stored at 15°C. 

12. A plant made according to the method of claim 9. 

13. A tomato plant comprising a genetic locus comprising: 

an inserted T-DNA, consisting essentially of, from the 5* to the 3* 
direction, a left border sequence, a 2Xpnos promoter sequence, an NPTII gene, an ocs3' 
untranslated region, a p35S promoter sequence, a sequence consisting of nucleotide 149 
to nucleotide 1237 of a tomato Acc2 gene, a nos3* untranslated region, and a right 
border sequence; 

a right border inverted repeat of the T-DNA linked to the right border 
sequence, the right border inverted repeat lacking a left and a right border sequence; and 

a left border inverted repeat linked to the left border sequence, the left 
border inverted repeat lacking a left and a right border sequence. 

14. A tomato fruit from the plant of claim 13. 

15. A tomato plant which is germinated from seed deposited with the 
American Type Culture Collection under Accession No. 



16. A tomato fruit from the plant of claim 15. 
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